The review summarizes, systematizes and analyzes literature data of the synthesis of oxygen-and sulfur-containing macroheterocyclic systems using Rh and Cu-catalyzed reactions of diazocarbonyl compounds over the last 15-20 years.
Introduction
Polyfunctional macroheterocycles have complexing properties, biological activity and are wide-used as catalysts, initiating agents, extractants, analytical reagents, preproducts in the synthesis of cardiovascular and psychotropic drugs, as well as antimicrobial, antiparasitic, anticancer drugs, etc. [1] [2] [3] Besides well-known methods of obtaining macroheterocycles [4] [5] [6] [7] there are methods based on catalytic reactions of diazocarbonyl compounds and they are currently becoming more important. This became possible, primarily, due to the fact that the intermediate carbenes show highly electrophilic properties and readily form ylides with heteroatom compounds. The most common Lewis bases (B:) used for this purpose (ethers, sulfides, amines, and carbonyl compounds) generate oxonium, sulfonium, ammonium and carbonyl ylides, respectively (Scheme 1).
The most common reactions of catalytically generated ylides include [1, 2] -shift rearrangement, or Stevens rearrangement (typical for oxonium, sulfonium, and ammonium ylides), [2, 3] -sigmatropic rearrangement of allyl substituted intermediates and dipolar cycloaddition.
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The stereochemistry of these reactions is usually determined by the structure of the original substrate, where rhodium carboxylates or homogenous complexes of copper, including enantiomeric ligands have found a wide application as catalysts of dediazotization of diazocarbonyl compounds.
Intramolecular reactions
Intramolecular catalytic reactions of diazocarbonyl compounds, such as ylide generation and insertion of the C-X bond (X=N, O, S, N), occur quite easily and can be used to create unique cyclic structures. [14, 15] In macroheterocycle chemistry the most successful was the reaction of the insertion of diazocarbonyl compounds by C-O bond which allows one-stage forming of a necessary macroheterocyclic fragment.
Intramolecular generation of oxonium ylides and their subsequent stabilization give a convenient way of obtaining a variety of interesting and useful oxygen-containing heterocycles. In this aspect the conversion of cyclic acetals with a diazocarbonyl fragment in the side chain present some features of interest. For example, for bicyclic ylide 2, generated during the catalytic dediazotization of diazoketone 1 (Scheme 2) in the presence of a rhodium catalyst, nucleophilic reagents and Lewis acids, for example, Ti(Oi-Pr) 4 there can be possible the parallel processes of cycle insertion and expansion. [16] It should be noted that the adduct 4 is formed, even with the use of 0.5 equiv Ti(Oi-Pr) 4 or ClTi(Oi-Pr) 3 . The reaction proceeds with high yields (up to 94 %) and in the presence of other electrophiles: α,β-unsaturated and aliphatic aldehydes and ketones.
The highly diestereoselective tandem expansion of the cycle and process of aldol condensation in dediazotization of diazoketone 5 containing spiroacetal fragment including multicomponent reactions of tricyclooxonium ylide with alcohols, mono-or dialdehydes (Scheme 3), with the formation of alkoxioctahydro-1,4-benzodioxocine-6(5H) 6, [17] run easy enough, similarly, in the presence of tetra-isopropoxy titanium(IV).
As it has been shown [17] the tricyclooxonium ylide and bicyclic zwitter-ion are stabilized due to delocalization of the charge between the two oxygen atoms resulting to the formation of the condensed tricyclic adduct 7 in the Stevens rearrangement (Scheme 4, way a or a1). Carrying out this reaction in the presence of nucleophiles allows getting the dioxocine 8 with up to 85 % yields (Scheme 4, way b) as a single diastereoisomers. The formation of possible product of intramolecular H-migration 9 (way c) was not observed.
Scheme 4.
In the case of condensed bicyclic diazoketone 10 when using Cu(hfacac) 2 (boiling in CH 2 Cl 2 ) formation of ylide 12 is a preferred product and the product of [1,2]-shift 13 is formed with 80 % yield (Scheme 5). It is interesting to note that the formation of tricyclic products 15, 16, and eightmembered lactones 14 was not observed in these conditions. [18] Moreover, the rhodium catalysts such as rhodium(II) acetate and rhodium(II) triphenylacetate were not effective in this reaction.
This methodology was used for synthesis of functional hydroazulene ring systems of phorbole type 22 (Scheme 6), Diazo Compounds in the Synthesis of O-and S-Containing Macroheterocycles ment 24 and Stevens rearrangement 25, with preferential formation of the isomers anti-24 and syn-25, proceed much the same. The authors note that the ratio of diastereomers in all cases are almost identical and the direction of the reaction does not depend on the nature of the substituent in the para-position of the aromatic fragment in the starting diazocompounds 23 and counter-ion of the used rhodium catalyst (Rh 2 L 4 ). Such a result is possible in the case when both processes take place via the stage of formation of the same intermediate ylide. [20, 21] The tricyclic structures containing seven-membered O-cycles of tigliane and daphnane classes -diterpene natural compounds have been successfully synthesized based on diazoketone 26, which was obtained from available cyclopentanone in nine stages. Boiling of the compound 26 in CH 2 Cl 2 in the presence of 10 mol.% Cu(hfacac) 2 led to the formation of a single product 27 with a quantitative yield (Scheme 8). [22] 26 27
Scheme 8.
The intramolecular reaction of C-O insertion has practical application for the synthesis of cladelliine derivatives containing the condensed average heterocycles and being diterpene metabolites of soft corals, which are combined into which has important biological properties, with the most notable being the ability to act as tumor promoters. The key step of this synthesis is the formation of ylides 18 and 19 as a result of catalytic decomposition of diazoketone 17 in the presence of Cu(hfacac) 2 .
[19] And, apparently, the fivemembered ylide 18 is formed easier and, as a result, the yield of compound 20 reaches 68 % while its isomer 21 is formed with a yield not exceeding 13 %.
The reactions of aryl substituted tetrahydropyranon diazoacetoacetates 23 catalyzed by rhodium(II), leading to oxabicyclo[4.2.1]nonan-4,8-diones 24 and 25 (Scheme 7) -the products of [2, 3] -sigmatropic rearrange-a group of eleutezides and are currently being considered as a new class of promising anticancer agents. [23, 24] The complete synthesis of 10 cladelliine derivatives consists of 6 stages, where the main step is interaction of metallocarbenoide, obtained from diazoketone 28, and the ester with formation of ylide-like intermediate 29, which is then rebuilt with obtaining E-or Z-oxabicyclo[6.2.1]-5-undecen-9-ones 30. The formation reaction of the bridged bicyclic ester can proceed selectively depending on the catalyst decomposition of diazoketone, and form one of the isomers as the major product (Scheme 9). [25] Their further transformations, including Diels-Alder reaction, with the formation of tricyclic products 31 were used for the synthesis of intermediate products for producing of a wide range of cladelliine derivatives.
Increased nucleophility of the sulfur atom leads to the fact that the formation of sulfonium ylides as the result of intramolecular reactions of diazoketones 32, containing thioacetal fragment, proceeds easily enough. The catalysts of this reaction are mild Lewis acids -compounds of transition metals, which split easily the thioacetal fragment. As a result, we have the formation of cyclic dithiaenon 33-35 (Scheme 10) with high yields and selectivity. [26] This approach was realized in the enantioselective formal synthesis of laurencine 38 (Scheme 11), natural oxacyclic ester extract from the red algae Laurencia glandulifera. [27] It was shown that the formation of sulphonium ylides with the use of Cu(hfacac) 2 , proceeds easier than oxonium ones and selective formation of products for cycle expansion occurs due to the breaking of C-S bond of initial substituted 1,3-oxathiane 36. It is interesting to note, that the selective formation of sulfur and oxygen containing heterocycle 37 -the product of [ Interesting results were obtained by intramolecular macrocyclization of diazoesters of type 39 in the presence of copper-and rhodium-containing catalysts (Scheme 12). [28, 29] As it turned out that the increase of the product macrocycles yield does not require high dilution or other stringent conditions. For example, the use of rhodium containing catalysts allows carrying out selective intramolecular reaction of macrocyclization, accompanied by cyclopropanation of allyl double bond. [30, 31] It should be noted that one of the main achievements of this methodology is obtaining presqualene alcohol.
In general, as it follows from the presented results, the intramolecular cyclization of substituted diazocarbonyl compounds is a promising trend of synthesizing the multi- 
Intermolecular reactions
The formation of macrocyclic compounds with the participation of diazocarbonyl connection is possible in intermolecular reactions also proceeding via a step of formation of corresponding ylides.
The catalytic interaction of 1,3-dioxacycloalkanes 42 and diazoacetic ester in the presence of transition metals complexes occurs with cycle extension and the formation of the corresponding functionally substituted 1,4-dioxacycloalkanes 43. [32] Moreover, it is noted that only 1,3-dioxacycloalkanes containing phenyl substituent in the position 2 of the heterocycle enter into reaction (Scheme 13). This fact is in a good agreement with the mechanism of 1,2-anionic rearrangement. According to it the migrating group in transition state is a free radical, and the presence of substituents stabilizing it due to conjugation contributes to the process proceed.
The formation of products of [2, 3] -sigmatropic rearrangement is observed in the interaction in CH 2 Cl 2 in the presence of Rh 2 (OAc) 4 methyldiazoacetate with 1,3-diheterocyclopentanes 44 having unsaturated substituents in the 2 position of the heterocycle (Scheme 14). The attack of methoxycarbonylcarbane formed during the decomposition of methyldiazoacetate in the presence of rhodium catalyst gives intermediate ylide 45, and its further stabilization leads to the products of Stevens rearrangement 46 and [2,3]-sigmatropic rearrangement 47. As it was shown in works [33, 34] the selectivity of the process is influenced by both electronic and steric factors of the heterocyclic fragment substituents. 
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This approach was further used to obtain 8-, 9-and 10-functionally substituted polyoxa-and oxathiamacrocycles. The suitable polyoxomacrocycles 51 with up to 99 % yields were obtained in interaction of diazoketoester 48 (Scheme 15) with 1,3-dioxacycloalkanes 49 in benzene at 80 °C in the presence of Cu(OTf) 2 . It should be noted that the insertion products of the carbenoid particle with C(2)-O(3)-bond of 1,3-doxacyclines and C-H bond of the solvent were not found in the reaction mass. [35] In contrast to the reaction of diazo esters with cyclic acetals containing a phenyl fragment in the 2-position of the heterocycle, which facilitates the reaction [32] on the interaction of α-diazo-β-ketoester with 1,3-dioxacycloalkanes, the activating effect is produced by the substituents in the position 4 of the 1,3-dioxolane and in position 4(5) of 1,3-dioxanes, and corresponding macrocycles are formed with 45-97 % yields.
Thus, the formation of functionalized 15-membered macrocycle with 84 % yield is observed in dediazotization of diazo dicarbonyl compounds 52 in excess of oxetane in the presence of Rh 2 (OAc) 4 (Scheme 16). [36] 52 53
Scheme 16.
It was shown later that Rh 2 (Oct) 4 is the most effective catalyst for obtaining of functionally substituted 16 to 18-membered macrocycles (Scheme 17), for example, it provides high yield (75 %) in obtaining of polyoxomacrocycles 55. The reaction of C-O insertion occurs with a high regioselectivity, and includes the condensation of two molecules of α-diazo-β-ketoesters 54 and two molecules of 1,4-dioxane.
[37] The yield of cyclic polyesters depends on the nature of the substituent in α-position to the keto-group, in the presence of bulky substituents such as R 1 =Et, Pr, Ph, iPr, the reaction time increases up to 12 hours. According to the proposed mechanism, the resulting O-ylides, having two reaction centers, react with each other, forming the final functionally substituted macrocycles with high regioselectivity.
In recent years there is a growing interest in generating S-ylides, resulting from the interaction of diazo compounds with sulfides catalyzed by copper or rhodium(II) complexes. It was able to obtain stable S-ylides, to study the transformation of the latter and, thereby, to obtain the direct evidence of their participation in the formation of the final products. Special attention is paid to the use of chiral catalysts to obtain sulfonium ylides and their subsequent [2, 3] -sigmatropic rearrangement. [38] The formation of products [2, 3] -sigmatropic rearrangement was observed in the interaction of unsaturated 1,3-dithiane 56 with ethyl diazoacetate as a result of intramolecular stabilitiy of intermediate S-ylides (Scheme 18). The reaction proceeds easyly enough, the isomeric 9-membered thiacyclanes 57 and 58 and the intramolecular elimination product 59 are formed with a total yield of 97 %. [39] The same rearrangement is observed in the interaction of 1,3-dithiane 60 with ethyl 2-diazo- 
Diazo Compounds in the Synthesis of O-and S-Containing Macroheterocycles
in the presence of Cu(OTf) 2 (Scheme 19) and leads to ethyl (8Z)-9-methyl-5,6-dihydro-4H-3,7-dithio-1-oxonine-8-carboxylate 61 with 75 % yield. The introduction of carbenoid particle occurs by C-S(1) bond, however, the increased nucleophilicity of the sulfur atom facilitates the reaction proceed, and oxadithionine is formed with a larger yield than trioxonine derived from 1,3-dioxane. [40] 61 60 48
Scheme 19.
Conclusion
These data indicate that a sufficiently well-studied rearrangements of onium ylides formed by the catalytic interaction of diazo carbonyl compounds with compounds containing the bond C-X (X=C, O, S, N) is one of the convenient methods to synthesize the functionally substituted macroheterocycles. Reactions of this type generally proceed with high regio-and stereoselectivity and good yields. An important feature of these reactions is their occurrence in standard conditions of dediazotization of diazo carbonyl compounds in the presence of catalysts based on copper and rhodium and without requiring a high dilution.
A wide selection of initial substrates and the possibility of varying of the nature of catalysts and reactions conditions make the research in this area of chemistry of macroheterocyclic compounds very perspective from the point of synthesizing of the new macrolides, with practically useful properties among them.
